Abstract. The emerging of the distributed generations in the distribution network changes the structure of the network, which used to operate without generations. However, the locations of these DGs are fixed when performing the distribution reconfiguration, which may contribute to the stability problem. The small signal stability of theses DGs in the distribution reconfiguration hasn't been well considered in the literature. This paper establishes the small signal model of the distribution system considering the dynamic model of these DGs, and proposes a model which aims to decrease the power loss of the system on the basis of guaranteeing the small signal stability. The IEEE 33 system is used to verify the rationality of this model.
Introduction
Recent trends of protecting the environment have promoted the development of the distributed energies, such as the wind and solar energy which are renewable and easy to get. Many distributed energies are integrated into the distribution network in the form of distributed generations, for example, the double fed induction generation (DFIG) which is used to transform the wind energy into electrical energy and the inverter based photo-voltaic (pv) plant which is used to transform the solar energy into electrical energy. These distributed generations make a difference in the distribution network, turning it into a system with various sources, namely active distribution system [1] . This system can be quite different from the transmission system in that the latter is dominated by large synchronous generations while the former contains various generations, such as small synchronous, induction generations and pv plant [2] . The different mechanism and control modes of these generations make the distribution system more complicate.
Considering the tradition distribution network is operating without generations, the reconfiguration of it puts emphasis on the economic operation, aiming at reducing the power losses or the overall voltage level [3] . However, nowadays, the active distribution system has many generations, so their operation small signal stability can be very important [4] . In the literatures, the small signal stability analysis of DFIG and the inverter based photo-voltaic plant has been well documented, focusing mostly on their dynamic characteristics [5, 6] . Apart from this, their influence on the small signal stability of a transmission system has also been well researched, focusing on the oscillation modes that they introduce into the system [7, 8] .
In the distribution system, the small signal stability considering DGs is not well researched. The state-space model of an inverter-based micro-grid during autonomous operation is constructed and the small signal stability is also analyzed in the literature [9] . Whereas, the DGs are all assumed to be inverter based power resources, so the dynamic model of small induction generations is not took into account. In the literature [10] , the small signal stability of DGs is considered in the reconfiguration of distribution system, while these DGs are all synchronous machine, ignoring the DFIG based wind farm and inverter based photo-voltaic plant. In this paper, the representative DGs were all took into account, such as the DFIG based small wind farms and the inverter based photo-voltaic plants. After the model is formed, modal analysis can be carried out. The eigenvalues can indicate the response of the distribution system after a small disturb. Only if all the eigenvalues are located on the left plane of the axis can the system be judged stable.
During the distribution system reconfiguration progress (DSR), the small signal stability of the system may get ameliorated or deteriorated, and this problem has not been considered well so far. Researchers in the literature [12] take the voltage stability margin into account, ignoring the small signal stability of DGs. Researchers in the literature [13, 14] take the small signal stability of DGs into account during DSR, however, the DGs are all assumed to be synchronous machine-based DGs, so the DFIG and pv are not considered. In this paper, the representative DGs, namely DFIG and pv, are considered during DSR. The objective is to guarantee the small signal stability during DSR in the presence of DGs.
This paper is organized as follows. Section 2 constructs the state-space model of the distribution network with DGs, and incorporates the small signal stability problem into the reconfiguration progress. The results are performed on the IEEE 33 system in the section 3. Section 4 gives the conclusions.
System Dynamic Model
The representative DGs were all took into account, such as the DFIG based small wind farms and the inverter based photo-voltaic plants. All the DGs' dynamic characteristics are both considered in the model as well as the loads' dynamic models.
DFIG model. DFIG serves as the most popular type of wind driven generation because of its flexible operation mode and relative cheap cost. In the super-synchronous state, power is fed from the rotor through the converter to the grid; in the sub-synchronized state, power is transmitted in the opposite direction. The model of a DFIG includes the drive train, the induction generation, and the converters, while ignores the controllers to simplify the overall model. The model built in the literature [13] is adopted.
Inverter based pv plant model. Comparing to the DFIG model, the time constant of inverter is relative lower, so the controllers should be taken into account. In this paper, the voltage of the capacitor behind the inverter is considered to be stable. The model of an inverter includes the controllers and output filter. Therefore, the inverter based pv plant can be deemed to a voltage-source inverter. The state space model in the literature [9] is adopted.
Distribution network model. In a distribution system, there are various DGs and loads. The DFIG and inverter model are built on their own reference frame, which is different from each other. To build a distribution network model, the transformation technique in the literature [15] is needed. where the DQ coordinate system denotes the common coordinate system, the ii dq coordinate system denotes the system of each distributed generation. Assuming all the loads are RL loads, and taking the current of the distribution lines and loads as state variables, the model of the distribution network can be obtained as follows:
The state-space model of distribution network is given in (3), and the eigenvalues of matrix A denote oscillation modes of the distribution network, the smallest of those eigenvalues denotes the stability margin of the system.
Network Reconfiguration Model
Network reconfiguration can be seen to be an effective method to decrease the network loss, increase the overall voltage level and relieve overloads. Nowadays, the distribution system is connected with more and more distributed generations, which can be highly uncertain. Considering the flexibility of the distribution system, the network structure should change with the output of the distributed generations to realize optimal operation. In this paper, the small signal stability is considered to ensure the stability margin during the DSR. The model can be obtained by adding the small signal stability index into the constraints. The objective of the model is to lower the power losses: n is the number of the branches, ,
ii IR are the current and the resistance of the branches, respectively. The subjects are as follows: (1) Power constraints: In order to satisfy the power constrains, the load flow equations must equals zero. Namely, the total loads equal the total generation outputs. (2) Capacity constraints: the current of every branch must within the permissible maximum value, the voltage of every node should within the permissible range, the outputs of the generations should under the maximum capacity. (3) Radial constraint: the distribution network should be radial when the reconfiguration finished. (4) Small signal stability constraint: The small signal stability of the system should be enhanced or guaranteed when the reconfiguration finished.
Test Case
This paper takes the IEEE 33 system as an example to illustrate the need to take the small signal stability into account when performing reconfiguration and how does the reconfiguration improve the small signal stability. The structure of the IEEE 33 system is displayed in Figure 2 , and the parameters of this system can be obtained from [16] . The line label is the same as the line's end node label. In this paper, the wind farm is assumed to be connected to node 15. One of the pv stations is assumed to be connected to node 6, and the other is connected to node 23. All these distributed generations are assumed to operate in their rated power. The results of the initial structure and the reconfiguration network are as follows: From Table 1 -3, the power loss and the dominated eigenvalues of the wind farm, pv1 plant, pv2 plant are obtained. With the aim of minimizing the power loss but ignoring the small signal stability constraints, the power loss can be limited to 0.0035, which is smaller than that of the initial state. Besides, the small signal stability of the wind farm and pv1 plant can also be improved slightly, from -0.0464 to -0.0648. However, these two circumstances have two close stability margin, both are relative low. With the small signal stability taken into account while performing reconfiguration, the stability of the wind farm can be improved significantly, from -0.0464 to -0.1188, while the power loss increases slightly. Therefore, with the small signal stability constrained, the result of the reconfiguration can be more reasonable because the distributed generations can operate more steadily.
Summary
Considering the distribution network is connected by more and more distributed generations, it's necessary to perform distribution reconfiguration to decrease the power loss. However, it's not reasonable to ignore the stability of these DGs which is gradually becoming an important issue in distribution system. This paper focuses on the stability constrained distribution system reconfiguration, aiming to decrease the power loss while increasing the stability. The case study shows that it's reasonable to increase the stability with relatively low power loss increases.
